Objective To determine the effect of age and gender on persistence and adherence in patients taking dabigatran for atrial fibrillation. Design A retrospective observational study over 4 years using refill prescription data from the National Pharmaceutical Database. setting All patients in New Zealand who received dabigatran from July 2011 to September 2015. Population 43 339 people filled at least one prescription of dabigatran. Main outcome measures The proportion of patients with good adherence (treatment available at least 80% of the time), and the proportion at risk of thrombosis (a break in treatment of more than 2 days) measured 6-monthly for 3 years. Medication persistence recorded over 3 years. results Persistence was highest in older patients and showed a significant correlation with age (p<0.001); 24% over 70 years had discontinued treatment by 6 months compared with 50% under 50 years. Adherence was highest in the elderly (p<0.001) with 90% of patients over 80 years with good adherence at 12 months compared with 70% in patients aged 50-60 years and less than 60% in those under 50 years. The time at risk of thrombosis showed a similar pattern with 25% below 60 years with inadequate anticoagulation more than 20% of the time. Adherence dropped during the first 18 months of treatment with the most marked fall in those under 50 years. Adherence shows that breaks in treatment are common with 30% of men under 60 years with a break in treatment of at least 28 days during the first 12 months. Conclusion Adherence and persistence correlate with the patient's age. Those over 70 years have high adherence consistent over time whereas younger patients have significantly worse adherence which declines over the first 18 months, with the lowest rate in those under 50 years. Adherence in our study is lower than reported in clinical trials, therefore the benefit of dabigatran in stroke prevention may not be realised in clinical practice especially in younger patients.
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IntrODuCtIOn
The direct oral anticoagulants (DOACs) have been used in clinical practice for several years. In large randomised studies, they have been shown to be at least as effective as warfarin in the prevention of stroke associated with atrial fibrillation 1 and in the management of acute thromboembolic disease. 2 3 One potential advantage of the DOACs is that they have a fixed dose regimen and do not require regular monitoring. However, this perceived convenience has raised speculation that the lack of regular monitoring may be detrimental and lead to poorer drug adherence. This is of importance in the case of the DOACs as these drugs have a short half-life and strict adherence is necessary to maintain adequate anticoagulation; a break in treatment can rapidly decrease their efficacy. 4 5 Adherence was reported at over 95% in the randomised clinical trials comparing dabigatran with warfarin, 1 2 but the patients in these studies were closely supervised, and it is well recognised that similar levels of adherence are not seen in clinical practice. Adherence as low as 50% has been reported for antihypertensives and other cardiac medications, 6 and two studies have reported dabigatran adherence rates lower than those seen in clinical trials, however these were relatively small studies and only measured adherence over 12 months. 7 8 The aim of our study was to assess persistence and adherence to dabigatran in a larger unselected population over 3 years strengths and limitations of this study ► This is the largest reported study of persistence and adherence to dabigatran and includes all patients (over 40 000) who received dabigatran since the introduction of the medication in New Zealand. ► The prescription data are accurate and complete, taken from the National Pharmaceutical Database; a record of all prescriptions issued in New Zealand. ► Dabigatran is dispensed monthly providing many data points for each patient. ► Refill prescription data have limitations; it can overestimate adherence and measuring gaps in treatment, is inexact and does not show precisely when treatment was taken between prescriptions. ► Persistence data were not censored for patients who died or for patients who changed to warfarin during the study period.
Open Access to determine if the duration of treatment had an impact on adherence. We also evaluated adherence by age and gender as previous studies have reported that adherence is higher in older patients, 9 and women have poorer adherence than men for most cardiac medications. 10 Dabigatran was introduced into clinical practice on 1 July 2011, and no prescriptions for this medication were issued prior to this date. It was fully subsidised so patients only pay the standard prescription charge for treatment. There were no limitations on prescribing; however, the drug was only approved by the New Zealand Medicines Safety Authority (MedSafe) for the prevention of stroke in non-valvular atrial fibrillation and as prophylaxis for orthopaedic surgery. Approval was widened in July 2014 to include the treatment of venous thromboembolic disease (VTE). There is no other funded DOAC available in New Zealand; the only alternative to dabigatran is warfarin. A key advantage of assessing adherence in the New Zealand population is the availability of complete and accurate data. All patients have a unique National Health Index number and data for all prescriptions issued are recorded in the National Pharmaceutical Database, allowing us to collect a complete dataset.
MethODs

Data source
Data were collected from the Ministry of Health pharmaceuticals database from 1 July 2011 to 30 September 2015. Data on all prescriptions issued in New Zealand are recorded in the pharmaceutical database. The following information was obtained for each dabigatran prescription during the study period; the date the medication was dispensed, the patient's national identification number (encrypted), the patient's gender and age at time of dispensing, the number of tablets dispensed and the tablet formulation (75 mg, 110 mg or 150 mg).
episodes of treatment An episode of treatment was defined as the time from the date of the first prescription to the date of the last prescription. If the interval between two prescriptions was more than 12 months, the patient was assumed to have discontinued treatment and restarted a new episode of treatment. Our assessment of drug persistence and drug adherence are based on the total number of episodes of treatment.
OutCOMe MeAsures Dabigatran persistence
Persistence was defined as the duration of time each patient remained on treatment. It was calculated as the number of days between the first prescription and last prescription plus the number of days of treatment issued at the last refill. Patients were assumed to still be taking treatment if a prescription was filled within the last 2 months of the study period. A Kaplan-Meier survival analysis was used to calculate persistence over time.
The aim was to report persistence in patients on longterm treatment for atrial fibrillation, therefore patients were excluded from the analysis if (1) their prescription data suggested they were on treatment for prophylaxis; namely those with a single prescription for less than 28 days or for 220 mg once daily for 15-35 days (orthopaedic prophylactic dose), or (2) if they started treatment after 1 August 2014 to exclude patients who may have received short-term treatment for Venous thromboembolic disease (VTE).
Calculating drug adherence
Adherence was defined as the extent to which the patient took medication as prescribed while on treatment. Refill prescription data were used to evaluate adherence. Data from the national database provided precise data on the number of capsules dispensed to each patient with each prescription. This enabled us to calculate drug adherence using the number of capsules available and the time interval between prescriptions. A gap in treatment was defined as any period where the patient had insufficient medication to take dabigatran twice daily up to the date of the next prescription (figure 1). It was assumed that patients restarted treatment on the day they received their next prescription. Adherence was calculated using the proportion of days treatment was available and was calculated for both men and women in five age groups: <50 years, 50-60 years, 60-70 years, 70-80 years and >80 years.
For each age group, we calculated the proportion of patients with 100% adherence (full adherence); that is sufficient medication to cover the whole period with no breaks in treatment, and 80% adherence (good adherence); that is sufficient medication to cover at least 80% of the days for the specified treatment period.
Adherence was calculated at 6-monthly intervals using data from all patients on treatment for at least the specified time (eg, 12 months adherence included all patients on treatment for at least 12 months). Adherence was calculated up to 36 months.
Calculated days at risk
The adherence data include all breaks in treatment, however a short break of 2 days or less is unlikely to put a patient at risk of thrombosis as the half-life of the drug is approximately 12 hours. Therefore, we have calculated the time a patient is at risk by measuring the proportion of time a patient does not have treatment available, excluding short breaks of 2 days or less and the first 2 days of any break in treatment as illustrated in figure 1. This was measured at 6-monthly intervals.
breaks in treatment
The total number of breaks and length of each break were recorded for each patient during the first 12 months.
Open Access stAtIstICAl AnAlysIs Data were analysed using SPSS software (V.24, IBM, 2016), a Kaplan-Meier survival analysis was used to determine if age or gender varied significantly in patients' probability of continuing treatment, while a binary logistic linear mixed model (first order autoregressive working correlation matrix) was used to determine the significance of any change over time for age or gender for the risk or adherence outcome variables. results study population A total of 43 339 patients received at least one prescription of dabigatran during the 51-month study period. The median age of patients on dabigatran was 72 years (male 70 years, female 74 years) with 58.7% male. More patients were started on 110 mg (51%) than 150 mg dose and significantly larger proportion of women (59.6%) were started on the low dose compared with men (45.4%) (table 1) (p<0.001). The patients started on the 110 mg dose were substantially older (median 78 years) than those taking 150 mg dose (median 65 years).
episodes of treatment A total of 1277 (2.9%) patients had one break in treatment of more than 12 months and 29 (0.1%) patients had two breaks; a total of 44 674 episodes of treatment were included in the analysis of drug persistence and adherence.
Dispensing data
Dabigatran is largely dispensed monthly in New Zealand; 92% of refills were for a period of 1 month (56 or 60 tablets), 1% for 2 months and 2% for 3 months, the remainder were dispensed for a period of less than 1 month. In all cases the total number of tablets dispensed was recorded; a total of 43 million tablets have been dispensed. Three tablets sizes are available in New Zealand (75 mg, 110 mg and 150 mg).
Medication persistence
Only 336 prescriptions met the criteria for orthopaedic or surgical prophylaxis and these were removed from further analysis. Dabigatran was registered for the treatment of VTE from 1 August 2014, therefore all patients who started treatment after this date were excluded as some patients may intentionally be on short-term treatment. All remaining patients (30 788) in our series who started treatment between 1 July 2011 and 31 July 2014 were included in the analysis as they were assumed to be Figure 1 Examples of dabigatran treatment history for four patients. The solid blocks indicate periods when dabigatran would be available. The grey squares represent breaks in treatment of 2 days, when the patient is not at risk. The white blocks represent periods when treatment is not available and the patient is at increased risk. *Established maintenance dose (for patients who received a prescription for more than one dose, the maintenance dose is the dose they received for the longest period).
Open Access on treatment for stroke prevention in non-valvular atrial fibrillation.
Although the patients with atrial fibrillation would be expected to remain on treatment long term, approximately 26% had discontinued treatment within 6 months; 10% only filled one prescription, a further 8% only filled two prescriptions and 19% had stopped treatment by 3 months.
Persistence showed a significant correlation with age (p<0.001) with the lowest persistence rate in those under 50 years with almost 50% stopping treatment within 6 months and 60% within 1 year. In the patients over 70 years, the persistence rate was significantly higher with over 70% continuing treatment after 12 months and 55% on treatment at 3 years (figure 2).
Persistence data were not censored for patients who died during the study, the highest death rate would be expected in older patients and therefore may underestimate persistence in the older age groups. We have also not accounted for those patients who change to warfarin due to side-effects or other complications. In our series, approximately 6.5% of patients changed from dabigatran to warfarin and remained on warfarin long term.
Adherence at 12 months
Adherence was calculated on patients who started treatment prior to August 2014, and therefore only includes patients on treatment for stroke prevention in atrial fibrillation. A total of 20 237 (45.3%) patients remained on dabigatran treatment for at least 12 months and Figure 3 The percentage of patients with treatment available continuously (100% adherence) and treatment available more than 80% of the time for each age group at 12 months for all patients who remained on treatment for at least 12 months (n=20 237).
Open Access 84.8% had treatment available at least 80% of the time (good adherence). Adherence was significantly higher in females than males (87.5% vs 83%, p<0.001). Adherence showed a clear correlation with age (p<0.001). The highest level of adherence was seen in patients over the age of 80 years with over 90% having good adherence and over 30% with treatment available continuously (full adherence). Adherence was similar in the patients aged 70-80 years, but was progressively poorer in each age group below the age of 70 years. Adherence was worst in the patients below the age of 50 years where less than 60% had good adherence and less than 10% had full adherence at 12 months (figure 3).
Adherence over time
Adherence was calculated at 6-monthly intervals in all patients who remained on treatment for at least 30 months (10 119 patients) (figure 4). There were significant differences over time in 80% adherence rate (p<0.001). Adherence remains consistent over time in older patients (over 70 years), but falls during the first 12-18 months in younger patients. Adherence drops to a level of 72% in patients aged 50-60 years and falls below 60% in patients under the age of 50 years.
Days at risk
An alternative method of assessing treatment is to measure the proportion of time patients are at risk of thrombosis. We have assumed that patients have a low risk of thrombosis if treatment is missed for 2 days but a break in treatment for a longer period would lead to inadequate anticoagulation. Figure 5 shows that approximately 40% of patients over the age 70 years have no risk of thrombosis during the first 12 months of treatment and a further 45% have less than Figure 4 The proportion of patients with more than 80% adherence for each age group at 6-monthly intervals for all patients on treatment for at least 30 months. Figure 5 The proportion of patients with no risk, 0%-10% of the time at risk, 10%-20% of the time at risk and more than 20% of the time at risk during the first 12 months of treatment for all patients who remained on treatment for at least 12 months (n=20 237).
Open Access 10% of the time at risk. In patients under 60 years, however, approximately 25% of patients are at risk of thrombosis more than 20% of the time and less than 25% have no risk. Age showed a significant correlation with the time at risk (at risk vs no risk: p<0.001).
risk over time
The percentage of patients at risk increases over time; in the patient group with the best adherence, namely those over 80 years, 30% had no risk of thrombosis during the first 2 years and in those under 50 years, only 10% had no risk (figure 6).
Patterns of adherence
Patterns of adherence were inconsistent. Figure 7 shows various patterns of adherence for a selection of 100 male patients under the age 60 years. This shows that breaks in treatment are variable with some patients having frequent short breaks whereas others have prolonged periods off treatment. To summarise this, we have calculated the proportion of patients with a break in treatment of at least 2 days, 7 days, 14 days and 28 days during their first 12 months of treatment ( figure 8 ). This shows that at least 30% of male patients under the age of 60 years have at least one break of more than 28 days during the first 12 months of treatment.
DIsCussIOn
The principal finding of our study is that the patient's age has a significant impact on how reliably medication Open Access is taken, with the lowest rates of drug persistence and adherence in patients under the age of 50 years. Dabigatran is prescribed as a long-term medication and even in the most compliant group, over a quarter of patients have stopped treatment by 6 months and only 70% remain on treatment at 1 year. In patients under 50 years the rate is significantly worse with almost half discontinuing within 6 months (figure 2). Adherence shows a similar correlation with age. In patients over 70 years, adherence rates are high with over 90% with good adherence at 12 months which remained consistent over 3 years. In contrast, patients below the age of 70 years had lower adherence which was most marked in those below the age of 50 years (70% adherent) and showed a steady decline over the first 2 years of treatment (figures 3,4). Our results also show that breaks in treatment are common (figure 8) and do not follow any pattern (figure 7); 30% of patients under the age of 60 years had a break in treatment of more than 28 days during the first 12 months of treatment. An unexpected finding was the better adherence in women which is not the case with most cardiac drugs.
The main concern with poor adherence to anticoagulants is the risk of thrombosis. Ideally for the greatest benefit treatment should be continuous but in practice only a small proportion of patients achieve this; in our series only 30% in the most adherent group and 13% of men under 60 years, collected sufficient medication (12 prescriptions on time) to be fully adherent during the first 12 months of treatment. A more meaningful measure for dabigatran is to assess the proportion of time the patient is without adequate anticoagulation and therefore at risk of thrombosis. Based on the assumption that a break in treatment of less than 2 days is unlikely to put a patient at risk, we found that 50% of patients over 70 years had no risk of thrombosis during the first 12 months of treatment, whereas in those under 50 years only 25% had no risk ( figure 5) .
The strength of our study is that it includes all patients starting dabigatran in New Zealand since the drug was introduced and gives us a picture of adherence over 3 years. The analysis is based on refill prescription rates, which is regarded as a valid accurate assessment of adherence 11 and the existence of a National Pharmaceutical Database allowed us to collect complete accurate data for over 40 000 patients. Smaller studies have reported similar rates of adherence at 1 year (72.2% in a US study and 76.8% in a Danish study), but did not have sufficient data to report changes in adherence over time. 6 7 These results and our own data show that adherence rates for dabigatran are good compared with other cardiac medications, especially for a twice daily drug. A meta-analysis of 20 observational studies of adherence to cardiac drugs reported that up to 50% of patients do not take their medication as prescribed 12 and a similar estimate has been reported by the WHO. 13 The dosing frequency also has an impact on adherence with lower rates reported for medications taken twice daily compared with a once daily regimen. 14 Our study has some limitations. Refill prescription data tend to overestimate adherence as they show the proportion of time the patient has medication available, but not if it was taken. Also measuring gaps in treatment is inexact and does not show precisely when treatment was taken between prescriptions.
There are many potential reasons for poor dabigatran adherence including twice daily dosing, gastric side-effects, and polypharmacy, but it is difficult to identify any specific factor that explains the difference between younger and older patients. There is evidence that patients with a previous event such as a stroke or transient Figure 8 The proportion of patients with no breaks in treatment, a break of 2 days or less, 2-7 days, 7-14 days, 14-28 days or more than 28 days, during the first 12 months of treatment for patients on treatment for at least 12 months (n=20 237).
Open Access ischaemic attack are more likely to be adherent 6 and these tend to be older. Also, the elderly have more frequent contact with healthcare professionals and a proportion will be in supervised care with strict routines for administering medication. In contrast, younger patients have less contact with healthcare professionals and may perceive no immediate benefit from their treatment as they are asymptomatic and are on preventative treatment for what they see as a rare complication.
The impact of poor adherence on clinical outcomes is difficult to measure. Although adherence rates are relatively high for dabigatran, the rate reported in younger patients in our study is substantially lower than those reported in the randomised clinical trials that led to the registration of dabigatran; the Randomized Evaluation of Long-Term Anticoagulation (Therapy) RELY study reported an adherence of 95% and the RECOVER study of 98%. 1 2 The difference between these rates and those in our series emphasises the difficulty extrapolating clinical outcomes from randomised clinical trials to everyday clinical practice, and raises concerns that the reduction in the risk of stroke expected from the results of the RELY study, may not be realised in practice.
COnClusIOn
In general, dabigatran adherence is high compared with other chronic medications particularly in older patients, however our results show a clear correlation with age with significantly worse adherence in patients under the age of 60 years. Identifying this subgroup is important as they are at increased risk of stroke and therefore it may be appropriate to target further education 15 to these patients to ensure that they have a clear understanding of the importance of taking medication regularly.
